Purpose An association between the INS VNTR polymorphisms and polycystic ovary syndrome (PCOS) susceptibility has been reported in previous studies, but the results were inconsistent. This study was conducted to explore this association using meta-analysis. Methods PubMed, Embase, and China National Knowledge Infrastructure (CNKI) were searched according to predefined criteria for all relevant studies published up to August 2013. Four genetic models, together with odds ratios (ORs) and 95 % confidence intervals (CI), were calculated. Subgroup analyses were performed by ethnicity, anovulatory PCOS, and Hardy-Weinberg equilibrium (HWE) in the controls. Results In total, 13 case-control studies, including 1,767 cases and 4,108 controls, were included. No significant association was detected in overall population in all models (III/III Conclusions This meta-analysis revealed no significant association between INS VNTR polymorphisms and the risk of PCOS in the overall population, while it supported that variance may be associated with susceptibility to PCOS with anovulation. Further confirmation is needed from more welldesigned and larger studies.
Introduction
Polycystic ovary syndrome (PCOS), which is characterized by hyperandrogenism, polycystic ovarian morphology, chronic anovulation, hirsutism, and obesity, is one of the most common heterogeneous endocrine disorders. It affects 6-10 % of women of reproductive age according to 1990 NIH criteria [1, 2] and even more individuals according to the broader Rotterdam criteria [3] . It also has been tightly associated with insulin resistance, which has prevalence rates of 44 to 70 % reported using surrogate markers [4, 5] . In addition, human studies have demonstrated that disturbances in insulin secretion and action play an important part in sustaining the ovarian androgen hypersecretion [6] and cause compensatory hyperinsulinemia [7] , which drives many of the phenotypic features of PCOS.
The presence of PCOS confers a substantially increased risk for type 2 diabetes and affected women have marked insulin resistance, independent of obesity [8, 9] . Therefore, insulin resistance and the associated hyperinsulinemia play a pathogenetic role in PCOS. The etiology of this condition remains controversial, but the genetic variations in some candidate genes that result in abnormal insulin secretion and activity may predispose an individual to the development of PCOS.
The minisatellite variable number of tandem repeats (VNTR) locus on chromosome 11p15.5 in the promoter of the INS gene is 596 base pairs (bp) upstream of the translation initiation site. The polymorphism arises from a tandem repetition of 14-15 bp. Allelic variations, which have a bimodal distribution in size, were classified according to the minisatellite length: class I (26-63 repeats; approximate frequency 30 %), class II (mean of 80 repeats; rare) and class III (141-209 repeats; approximate frequency 70 %) [10] . The variation in VNTR was shown to influence transcriptional activity of the gene in vitro and regulates INS transcription levels in cadaveric adult [11] and fetal human pancreas [12] , and in pancreatic beta cells [13] . Le Fur S. et al. [14] revealed that the polymorphisms of INS VNTR are associated in vivo with a trend for lower insulin and higher glucose levels, while Bazaes et al. [15] reported an association between INS VNTR genotype and both insulin sensitivity and secretion in infancy. However, recent clinical studies that attempted to confirm these associations have produced conflicting results.
We considered the conflicting results reported in publications regarding associations of INS VNTR with PCOS risk and conducted a comprehensive meta-analysis of the published data to clarify the inconsistencies and identify potential sources of heterogeneity that might confound the conclusions.
Method

Search strategy and selection criteria
We searched Medline (PubMed), Embase, and China National Knowledge Infrastructure (CNKI), updated on August 2013, for all eligible genetic associated publications evaluating INS VNTR polymorphism and POS susceptibility. The combined search strategy used the terms ("polycystic ovary syndrome" or "polycystic ovarian syndrome" or "PCOS") in combination with ("INS VNTR" or "insulin VNTR" or "insulin variable number of tandem repeats") in combination with ("polymorphism" or "variation" or "SNP"). No language or country filters were applied. Manual retrieval was performed in all eligible studies to identify additional relevant publications. The inclusion criteria were as follows: (1) case-control or cohort studies design with evaluating the association between PCOS risk and INS VNTR polymorphism; (2) PCOS patients with any diagnosis criteria; the anovulation of anovulatory PCOS was defined as women with oligomenorrhoea (intermenstrual interval more than 6 weeks); (3) the papers had to provide the size of the samples, distribution of alleles and genotypes, or other information that could help to infer the OR and 95%CI; (4) when multiple publications reported on the same or overlapping data, we chose the one with most recent or largest population. When a study reported the results on different subpopulations, we treated it as a separate study in the meta-analysis. The exclusion criteria were as follows: (1) studies that contained overlapping data; (2) studies in which family members had been studied because their analyses are based on linkage considerations; and (3) reviews, comments, letters, and repeated literature.
Data extraction
Two reviewers (Xue Qin and Liu-ying Song) independently extracted the information from all eligible studies, as follows: first author, year of publication, country of origin, ethnicity of the population studied, total number of cases and controls, genotyping methods, diagnosis criteria for PCOS, source of control, genotype distribution in cases and controls, genotype distribution in the subgroup anovulatory PCOS. When different results appeared, both reviewers would check the data again and have a discussion to come to a consensus. If they could not reach an agreement, a third author (Shan Li) was invited to the discussion.
Statistical analysis
Data were analyzed mainly using the STATA version 12.0 (StataCorp LP, College Station, Texas, USA). Previous studies found that class III alleles relate to the disordered insulin secretion, the decreased pancreatic expression of insulin, and increased risk of glucose intolerance in elderly men, while all of included articles regard class III allele as a baseline allele, I/III and III/III genotypes was used as a baseline genotype. So, the association between INS VNTR polymorphism and PCOS was first determined using the per-allele approach, which compared PCOS patients against controls for the contrast of III versus I alleles. We estimated the association with PCOS risk under certain genotypic models, namely codominant (III/ III vs. I/I; I/III vs. I/I), recessive (III/III vs. I/III + I/I), and dominant (III/III + I/III vs. I/I). The strength of association was assessed by calculating a summary odds ratio (OR) together with the corresponding 95 % confidence interval (CI). The inter-study heterogeneity was appraised using χ 2 -based Q statistics and I 2 [16] for statistical significance of heterogeneity. If no heterogeneity was indicated, based on P>0.10 and I 2 <50 %, a fixed-effect model using the Mantel-Haenszel (M-H) [17] method was used. Otherwise, the random-effects model using the DerSimonian-Laird (D-L) [18] method was employed. Publication bias was assessed by the funnel plots and Egger regression asymmetry test [19] . Prespecified subgroup analyses were performed by (1) ethnicity; (2) anovulatory PCOS; and (3) Hardy-Weinberg equilibrium (HWE) in the controls. Sensitivity analysis [20] was performed to assess the consistency of results and the influence of each study on the overall meta-analysis by sequential omission of individual studies. HWE was detected using the goodness-of-fit χ 2 test. All significance tests of the standard test were bilateral P<0.05.
Results
Eligible studies
The literature retrieval identified 18 publications in Medline, 26 in Embase, and 11 in CNKI. Ultimately, 13 articles were included and the flow diagram is presented in Fig. 1 .
Baseline characteristics
In total, 13 case-control studies [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] including 1,767 cases and 4,181 controls, were included in the analysis. Waterworth DM [21] and Powell BL [23] were conducted on the anovulatory PCOS. The baseline characteristics are shown in Table 1 .
Meta-analysis
Summary results for the association between INS VNTR Polymorphism and PCOS susceptibility are presented in Table 2 . 
Analysis in the HWE population
The meta-analysis was carried out in 11 studies (1,673 cases and 4,092 controls) which conformed to HWE. Significant between-study heterogeneity was detected in the contrasts of III/III + I/III vs. I/I and III/III vs. I/III + I/I (P Q =0.053, P Q = 0.075, repeatedly). We did not detect any association between the INS VNTR polymorphism and PCOS in the HWE population in all models Sensitivity analysis and publication bias Sensitivity analysis confirmed that no single study influenced the overall results (data not shown). The results of Begg's funnel plot and Egger's tests indicated a lack of publication bias in recessive models (III/III vs. I/III + I/I: P Egger =0.227, Fig. 3 ), but existence of publication bias using other models (III/III vs. I/I: P Egger =0.003; I/III vs. I/I: P Egger =0.000; III/III + I/IIIvs. I/I: P Egger =0.004). 
Discussion
The INS gene region is a susceptibility locus for several endocrine diseases. This association is modulated by the VNTR polymorphism, which is almost completely concordant with the adjacent A to T polymorphism at the −23 Hph1 site of the insulin gene (rs689). The latter is therefore used as surrogate for class I and III INS VNTR alleles. The INS VNTR has been mostly responsible for the association of autoimmune diabetes, T1DM, T2DM, gestational diabetes, and altered insulin release, but the findings remain controversial among the existing studies.
Waterworth et al. [21] first reported that the INS VNTR polymorphism had an effect on increasing the risk of PCOS. Since then, several genetic association studies on it have been performed, but the small sample sizes of these studies inevitably increased the risk that chance could be responsible for their conclusions. This, then, could lead to the apparently contradictory findings, as could the different study designs, various methodologies, insufficient power, and different population backgrounds [31] . However, meta-analysis is a good statistical method that has the advantage of increasing the effective sample size, reducing random error, and achieving precise estimates for potential genetic associations by combining data from all eligible studies [32] . To the best of our knowledge, no meta-analysis has yet evaluated the association between the INS VNTR polymorphisms and PCOS risk, so our meta-analysis is the first one on this issue. We have included thirteen individual case-control studies with 1,767 cases and 4,181 controls in our meta-analysis.
Our meta-analysis revealed no association between INS VNTR polymorphism and PCOS susceptibility. The majority of the included studies identified PCOS according to the Rotterdam criteria, where confirmed cases were based on the appearance of two of the phenotypes-hyperandrogenism and PCO with ovulatory cycles, or anovulation and PCO without hyperandrogenism-which have modest [33] or absent [34] evidence for insulin resistance using surrogate markers. In addition, Michelmore et al. [35] observed no association between INS VNTR genotype and the presence of PCO on ultrasound, while Rosa M. et al. [36] found that hyperandrogenism and the INS VNTR regulatory polymorphism were not associated. This may have influenced the results by potential selection bias on the criteria for PCOS. What's more, it may possible that this genetic region play a role in insulin resistance when the beta cell function declines to a certain degree, as the absence of a difference in insulin secretion between the class I and class III allele groups in healthy adults [37] .
Significant parent-of-origin effects have also been detected previously at the INS VNTR in relation to PCOS and these studies were not family-based. Possibly the absence of parental DNA prevented parent-of-origin effects from being tested, further contributing to the inconsistency [21] . The variations in matching criteria among the eligible studies also could potentially affect the negative results. Besides, this allelic variation could possibly relate to PCOS only at certain times during development, or in specific environmental or genetic backgrounds. Alternatively, INS VNTR polymorphism may simply not be a key factor in the etiology and the pathogenesis of PCOS.
Although our meta-analysis showed that the INS VNTR polymorphism had no exact effect on increased risk for PCOS overall, it did increase the risk of PCOS with anovulation in the I/III vs. I/I model. Some of the human studies [38, 39] have suggested that hyperinsulinemia/insulin resistance-mediated reduction in pituitary sensitivity to gonadotropin-releasing hormone (GnRH) may contribute to anovulation in PCO. Previous randomized controlled trials and meta-analysis found that anovulation improved during treatment with metformin, which is an insulin sensitizing agent, in women with PCOS [40, 41] . This indicated the presence of a certain relationship between anovulation and insulin related genes. Kadri et al. [24] also observed that the mean ovarian follicle number was lower in VNTR I/III and III/III individuals compared to VNTR I/I individuals, while Michelmore et al. [35] also declared that both III/III genotype and paternal class III allele transmission were significantly related to the increased number of PCOS features and to reduced insulin sensitivity among women with PCO.
All these findings therefore suggested positive correlations between INS VNTR polymorphism and anovulatory PCOS. We propose that this disease susceptibility locus be designated PCOS, but sufficient and robust evidence is still lacking and the mechanism is uncertain, so the further research should focus on this issue. The limited number of included studies, the significant inter-study heterogeneity, and the significant association only in the I/III vs. I/I model should dictate that the positive results be interpreted with caution.
Heterogeneity plays an important role in meta-analysis and finding the source of heterogeneity is very important for the final result of the meta-analysis. In the current study, obvious inter-study heterogeneity was found in the overall population in III/III + I/III vs. I/I and III/III vs. I/III + I/I for the P values were greater than 0.1. When stratified by ethnicity, no significant heterogeneity was found, which indicated that ethnicity may be the major source of the heterogeneity. The different genetic effects may be accounted for by differences in genetic backgrounds and in the environments in which the Asian and the Caucasian populations lived. It also indicated that PCOS may be an outcome of the interaction between genes and environment. However, other potential sources of heterogeneity should not be neglected.
Selection bias could also possibly have played a role as the genotype distribution of INS VNTR polymorphism among the control subjects did not conform to HWE in two studies. Departures from HWE, if not due to chance or violation of genetic reasons of no new mutations, no selection, and random mating assumptions, are widely recognized as pointing to methodological problems such as genotyping error or biased selection of subjects from the population [42] . We carried out subgroup analysis by HWE in controls, considering that the results of genetic association studies might be spurious if the distribution of genotypes in the controls deviated from HWE. Exclusion of the studies where the distribution of genotypes in the control groups were not in HWE, still gave results that were persistent and robust, suggesting that this factor probably had little effect on the overall estimates. Some limitations of this meta-analysis require caution. First, the characteristics between PCOS and controls were not matched in almost all the studies, and the results were not adjusted for it in most cases. These types of confounding factors might mask the true relationship between INS VNTR and PCOS risk; statistical analysis indicated publication bias may have been present as perhaps some related unpublished studies that met the inclusion criteria were missed. Second, all the eligible studies were performed in Asian and Caucasian populations; therefore, studies on other ethnic groups including African Americans and Latinos will be required in order to capture the full range of possible ethnic differences in INS polymorphisms. Third, the lack of original study limited our further evaluation of the association between phenotype and genotype.
In spite of these shortcomings, our meta-analysis also had several advantages, as follows: First, a meta-analysis of the association of INS VNTR polymorphisms on PCOS risk is statistically more powerful than any other single study. Second, strict literature retrieval by a combination of computerassisted and manual searches make the group of studies included as eligible as complete as possible. Third, the sensitivity analysis indicated the stability and credibility of the metaanalysis, which leads to a more convincing result. More important, the process of literature selection, data extraction, and data analysis in the meta-analysis was well designed and conducted to guarantee robust results.
Conclusions
This meta-analysis suggests that an association between INS VNTR polymorphism with PCOS risk is lacking in the overall population, while presents in the anovulatory. Well-designed and larger studies are still needed to validate our conclusions and to investigate the effects of gene-gene and geneenvironment interactions.
